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COMPOUNDS 
Field of the Invention 

This invention relates to new tricyclic amidine derivatives, processes for their preparation, 
compositions containing them and their use in therapy. 

Background of the Invention 

Nitric oxide is produced in mammalian cells from L-arginine by the action of specific nitric 
oxide synthases (NOSs). These enzymes fall into two distinct classes - constitutive NOS 
(cNOS) and inducible NOS (iNOS). At the present time, two constitutive NOSs and one 
inducible NOS have been identified. Of the constitutive NOSs, an endothelial enzyme 
(ecNOS) is involved with smooth muscle relaxation and the regulation of blood pressure 
and blood flow, whereas the neuronal enzyme (ncNOS) serves as a neurotransmitter and 
appears to be involved in the regulation of various biological functions such as cerebral 
ischaemia. Inducible NOS has been implicated in the pathogenesis of inflammatory 
diseases. Specific regulation of these enzymes should therefore offer considerable 
potential in the treatment of a wide variety of disease states. 

Considerable effort has been expended in efforts to identify compounds that act as specific 
inhibitors of one or more isoforms of the enzyme nitric oxide synthase. The use of such 
compounds in therapy has also been widely claimed. One group of these compounds 
features within their structures a cyclic amidine moiety. Thus, WO 95/11231 (G.D. Searle 
& Co.) discloses compounds of general formula: 
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and WO 97/16430 and US 5,629,322 (both to Merck & Co., Inc.) describe cyclic amidines 
of general formula: 




respectively. 

Certain tricyclic structures that incorporate a cyclic amidine moiety are also known. Thus, 
US 4,745,1 1 1 (BASF AG) discloses 4-substituted 10-cyanomethylenethieno[4,3- 
e]benzoazepines of general formula 
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which compounds are claimed to be useful in the treatment of agitation, anxiety and 
sleepless states. 

US 4,157,444 (American Cyanamid Co.) describes 10-(l-piperazinyl)thieno[3,4-b][l,5]- 
benzoxazepines and -benzodiazepines of general formula 




which display neuroleptic activity. 



Disclosure of the Invention 



According to the invention we provide a compound of formula (I) 




(0 



wherein: 

R 1 represents hydrogen, CI to 6 alky], CI to 6 alkoxy or halogen; 



X represents CH 2 . O, S(0) m , CO, CHOH, CH-halogen, CH-Q 1 -!* 7 , CHNH 2 , (CH 2 ) 2 , 



CH 2 O t OCH 2 , CH 2 S or SCH 2 ; 
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m represents an integer 0, 1 or 2; 

A represents a heterocyclic ring containing one heteroatom selected from O, S and N; 
Q and Q 1 independently represent CI to 8 alkyi, -CO-, CI to 8 alkyl-CO- or a bond; 
2 7 . 

R andR independently represent a group U-V-W 
or a group 



and when X represents CH-Q -R , then R may also represent hydrogen; 
U represents O, S or NR 3 ; 
n represents an integer 3 to 6; 

V represents CI to 8 alkyi, -CO-, CI to 8 alkyl-CO- or a bond; said CI to 8 alkyi or 
CI to 8 alkyl-CO- group being optionally further substituted by halogen or hydroxy; 
W represents OR 4 , SR 4 or NR 5 R 6 ; 

R 3 represents hydrogen, CI to 6 alkyi or C2 to 8 alkanoyl; 
4 

R represents hydrogen, CI to 6 alkyi or C2 to 8 alkanoyl; 

R 5 and R 6 independently represent hydrogen, CI to 6 alkyi or C2 to 8 alkanoyl; 

and optical isomers, racemates and tautomers thereof and pharmaceutical^ acceptable salts 




N 



(9 H 2)n 




thereof. 



Preferably X represents CH 2 , O, S(0)m or (CH 2 ) 2 . 
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More preferably X represents CH2. 

In another preferred embodiment, X represents S(0) m . 
Preferably m represents the integer 0. 

Preferably A represents a five or six membered heterocyclic ring containing one 
heteroatom atom selected from O, S and N. 

More preferably A represents a five membered heterocyclic ring containing one heteroatom 
atom selected from O, S and N. 

In a particularly preferred embodiment, A represents a thienyl ring. 

Preferably Q represents CI to 4 alkyl. 

More preferably, -Q-R 2 represents -CH2-R 2 . 

Preferably R represents NR - V- W or a group 




Examples of compounds wherein A represents a thienyl ring are: 
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$ and 




NH 2 



Particular compounds of the invention include: 
10 2-[[(10-amincMUy-thieno£ 

2- [( 1 0-amino-4/f-thieno[2,3-c] [ 1 ]benzazepin-4-yl)sulfanyl]ethyl acetate ; 
4-t(2-aminoethyl)sulfanyl]-4i/-thienot2,3-c][ 1 Jbenzazepin- 1 0-ylamine; 
W-{2-[(10-amincH4//-thieno[23-^ 

2-[( 1 0-amino-4/?-thieno[2,3-c] [ 1 ]benzazepin-4-yl)sulfanyl]ethanol; 
ethanediamine; 

{l-[(10-amino^/^-thieno[23-c][l]benzazepin-7-yl)methyl]-2-piperi^^ 

2- { [( 1 0-amino-4#-thieno[2,3-c][ 1 ]benzazepin-7-yl)methyl]sulfanyl}ethanol; 

1 -[( 10-amino^-thieno[23-c][ 1 ]benzazepin-7-yl)carbony]]^-piperidinol; 
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{]-[(! 0-amino-4//-thieno[2,3-c] [ 1 ]benzazepin-7-yl)carbonyl]-3-piperidinyl } methanol; 

7- { [(2-aminoethyl)sulfanyl]methyl } -4#-thieno[2,3-c] [ 1 ]benzazepin- 1 0-amine; 

2-[[(10-aniino^//-thieno[23-c][l]benzazepin-6-yl)methyl](methyl)amino]^ 

{ (25)- 1 -[( 1 0-amino-4//-thieno[2 ,3-c] [ 1 ]benzazepin-7-yl)methyl]pyrrolidiny I } -methanol ; 

{ (2R)- 1 -[( 1 0-amino-4/f-thieno[2,3-c][ 1 ]benzazepin-7-yl)methyl]pyrrolidinyl } -methanol; 

I - { [( 1 0-amino-4//-thieno[2,3-c][ 1 ]benzazepin-7-yl)methyl]amino }-2-propanol; 

2- { [( 10-amino-4H-thieno[2,3-c][ 1 ]benzazepin-7-yl)methyl] amino }- 1 ,3-propanediol; 

3- { [( 1 0-amino-4#-thieno[2, 3-c][ 1 ]benzazepin-6-yl)methyl]amino } - 1 -propanol; 

{ 1 -[( 10-amino-4//-thieno[2,3-c][ I ]benzazepin-6-yl)methyl]-2-piperidinyl } methanol; 

2- { 1 -[( 1 0-amino-4#-thieno [2,3-c] [ 1 ]benzazepin-6-yl)methyl]-2-piperidinyl }ethanol; 
{ 1 -[( 10-amino-4//-thieno[2,3-c][ 1 Jbenzazepin-6-yl)methyl]-3-piperidinyl } methanol; 

1- [[(10-amino-4ff-thieno[2,3-c][l]benzazep 
propanol; 

(li^2S)-2-[[(10-amino-4^thieno£^^ 
cyclohexanol; 

1 - [[( 1 0-amino-4H-thieno[2,3-c] [ 1 ]benzazepin-7-yl)methyl] (methyl)amino]-3-fluoro-2- 
propanol; 

{ (2Syi -[( 1 0-amino-4/7-thieno[2,3-c] [ 1 ]benzazepin-6-yl)methyl]pyrrolidinyl }-methanol; 
{(2R)-l-[(10-amincMJ//-thieno[2,3-c]n^ 

3- { [( 1 0-amino-4#-thieno[2,3-c] [ 1 ]benzazepin-7-yl)methyl]amino } - 1 -propanol; 

2- [[(4-amino-10tf-thieno[3,2-c]U^ 

{ (2S)-1 -[(4-amino- 1 0#-thieno[3,2-c][ 1 ]benzazepin-7-yl)methyl]pyrrolidinyl } -methanol; 
{ (2R)- 1 -[(4-amino- 1 0//-thieno[3 ,2-c] [ 1 ]benzazepin-7-yl)methyl]pyrrolidinyl } -methanol ; 
and pharmaceutical^ acceptable salts thereof. 

Unless otherwise indicated, the term "CI to 6 alkyl" referred to herein denotes a straight or 
branched chain alkyl group having from 1 to 6 carbon atoms or a cyclic alkyl group having 
from 3 to 6 carbon atoms. Examples of such groups include methyl, ethyl, n-propyl, 
i-propyl, n-butyl, i-butyl t t-butyl, cyclopentyl and cyclohexyl. 

The term "CI to 8 alkyl" is to be interpreted analogously. 
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Unless otherwise indicated, the term "C2 to 8 alkanoyl" referred to herein denotes a straight 
or branched chain alkyl group having from 1 to 7 carbon atoms or a cyclic alkyl group 
having from 3 to 7 carbon atoms bonded to a carbonyl (CO) group. Examples of such 
groups include acetyl, propionyl, iso-butyryl, valeryl, pivaloyl, cyclopentanoyl and 
cyclohexanoyl. 

Unless otherwise indicated, the term "CI to 6 alkoxy " referred to herein denotes a straight 
or branched chain alkoxy group having from 1 to 6 carbon atoms. Examples of such groups 
include methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, i-butoxy, s-butoxy and t-butoxy. 

Unless otherwise indicated, the term "halogen" referred to herein denotes fluorine, 
chlorine, bromine and iodine. 

Examples of a heterocyclic ring containing one heteroatom selected from O, S and N 
include furan, thiophene, pyrrole and pyridine. 

The present invention includes compounds of formula (I) in the form of salts, in particular 
acid addition salts. Suitable salts include those formed with both organic and inorganic 
acids. Such acid addition salts will normally be pharmaceutical^ acceptable although salts 
of non-pharmaceutically acceptable acids may be of utility in the preparation and 
purification of the compound in question. Thus, preferred salts include those formed from 
hydrochloric, hydrobromic, sulphuric, phosphoric, citric, tartaric, lactic, pyruvic, acetic, 
succinic, fumaric, maleic, methanesulphonic and benzenesulphonic acids. 

According to the invention, we further provide a process for the preparation of compounds 
of formula (I), and optical isomers and racemates thereof and pharmaceutical^ acceptable 
salts thereof, which comprises: 

(a) preparing a compound of formula (I) by reacting a corresponding compound of 
formula (II) 
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wherein R , R t A f Q and X are as defined above and L is a leaving group, 
with a source of -NH2 such as ammonia or ammonium acetate; 

(b) preparing a compound of formula (I) by reduction and cyclisation of a corresponding 
compound of formula (HI) 




wherein R , R , A and Q are as defined above, and Y represents X (which is as defined 
above) or CHSO2C5H4CH3; 

(c) preparing a compound of formula (I) by cyclisation of a corresponding compound of 
formula (IV) 




wherein R , R", A, Q and X are as defined above; 
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(d) preparing a compound of formula (I) wherein R 2 represents -CH2-NR 3 -V-W or R 2 
represents the group 



-CH— N (CH^ 

W V W 

by reductive amination of a corresponding compound of formula (I) wherein R 2 represents 
-CHO; 

(e) preparing a compound of formula (I) wherein R 2 represents -U-V-W or R 2 
represents the group 




N (9 H 2)n 




V W 



by nucleophilic displacement of a corresponding compound of formula (I) wherein R 2 
represents -l/ and 1/ is a leaving group; 

(f) preparing a compound of formula (I) wherein X represents C=0 by oxidation of a 
corresponding compound of formula (I) wherein X represents CH 2 ; 



(g) preparing a compound of formula (I) wherein X represents CHOH by reduction of a 
corresponding compound of formula (I) wherein X represents C=0; 



WO 00/73312 



11 



PCT/SE00/01033 



(h) preparing a compound of formula (I) wherein X represents CHNH 2 by converting a 
compound of formula (I) wherein X represents CHOH into the corresponding azide 
wherein X represents CHN3, followed by reduction; 

(i) preparing a compound of formula (I) wherein X represents S(0) m and m represents 1 

or 2, by oxidation of a corresponding compound wherein X represents S(0) m and m 
represents 0; 

0) preparing a compound of formula (I) wherein the group -Q-R 2 terminates in a group 
-CONR 5 R 6 or -C0 2 R 4 by oxidation of the corresponding compound wherein the group 
-Q-R terminates in a group -CHO; 

(k) preparing a compound of formula (I) wherein the group -Q-R 2 terminates in a group 

-CONH2 or -C0 2 R 4 by solvolysis of the corresponding compound wherein the group 
2 

-Q-R terminates in a group -CN; 

(I) preparing a compound of formula (I) wherein X represents CH-Q-R 2 , Q represents a 

2 2 
bond, and R represents -U-V-W or R represents the group 



by nucleophilic displacement of a corresponding compound of formula (I) wherein X 




N 



«? H 2)n 




represents CH-l/ and i/ is a leaving group; 



or 
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(m) preparing a compound of formula (I) wherein R represents a group -NR -V-W by 

2 3 
alkylation of a corresponding compound in which R represents a group -NHR ; 

and where necessary converting the resultant compound of formula (I), or another salt 
thereof, into a pharmaceutical^ acceptable salt thereof, or vice versa , and where desired 
converting the resultant compound of formula (I) into an optical isomer thereof. 

In process (a), the reaction may be performed by combining the reactants in a polar protic 
solvent such as methanol, ethanol or propanoic or in a polar aprotic solvent such as 
N,N-dimethylformamide or N-methyl-2-pyrroIidinone at a temperature from 20 to 100 °C. 
The reaction time will depend inter alia on the polarity of the solvent, the nature of the 
leaving group and the temperature of the reaction, and may be up to 2 weeks. However, it 
will typically be from 2 to 5 days. We prefer, although it is not required, to perform this 
reaction in the presence of an ammonium salt such as ammonium acetate. Suitable leaving 
groups L include thioalkyl, sulfonate, trifluoromethylsulfonate, halide, alkoxide, aryloxide 
and tosylate groups; others are recited in "Advanced Organic Chemistry", J. March (1985) 
3 rd Edition on page 315 and are well known in the art. We find thioalkyl to be particularly 
useful. When L represents thioalkyl the process is generally performed in a pressure bottle 
with methanol as solvent. 

In process (b), the reaction is preferably performed by treating a compound of formula (EI) 
in a suitable solvent and in the presence of an acid catalyst with a reducing agent that is 
capable of effecting the reduction of the aryl nitro group to an aniline. The reducing agent 
is generally a transition metal such as, but not limited to, zinc, tin or iron. The solvent may 
be water or a suitable organic solvent, or an organic solvent containing varying 
concentrations of water. Suitable organic solvents are those such as acetonitrile, dioxane, 
tetrahydrofuran, N,N-dimethyIformamide, and C] to C4 alcohols. The acid catalyst may be 
an organic or inorganic acid, for instance, hydrochloric, hydrobromic, sulphuric, nitric, 
phosphoric, acetic, lactic, succinic, fumaric, malic, maleic, tartaric, citric, benzoic or 
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methanesulfonic acid. In a particular embodiment, and especially when Y represents 
CHSO2C6H4CH3, we prefer that the reducing agent is zinc, the acid catalyst is acetic acid 
and the reaction is performed either neat or admixed with a CI to 4 alcohol. Under these 
conditions, reduction of the nitro group occurs and is followed by cyclisation, and also 
when Y represents the group CHS0 2 C6H4CH 3l this is reduced to CH2. 

In process (c), the cyclisation reaction of a compound of formula (IV) will take place when 
either the neat compound or a solution of the compound in an inert solvent is kept at a 
suitable temperature, generally between room temperature and 150 °C. The reaction time 
will vary from 1 day to 4 weeks depending on the actual conditions used. The reaction may 
be accelerated by the use of either an acid or a base. An example where sodium hydride is 
the base is described by Y. Mettey et aL, J. Heterocycl. Chem., 1997, 34, 465-467. We 
prefer the acid variant wherein the compound of formula (TV) is first converted into the 
corresponding salt using either an inorganic or organic acid such as hydrochloric, 
hydrobromic, sulphuric, nitric, phosphoric, acetic, lactic, succinic, fumaric, malic, maleic, 
tartaric, citric, benzoic or methanesulfonic acid, and the salt is then heated at a temperature 
from 100 to 300 °C for between 0.01 to 5 h, with heating to 150 to 200 °C for about 0.1 to 
1 h being preferred. 

In process (d), the reductive amination reaction generally takes place under conditions 
which will be known to persons skilled in the art. For example, treatment of an aldehyde 
with an amine in the presence of a reducing agent in an inert solvent. Suitable reducing 
systems include catalytic hydrogenation or borane and derivatives thereof. A partial list of 
such reagents can be found in "Advanced Organic Chemistry", J. March (1985) 3 rd Edition 
on page 799. 

In process (e), the nucleophilic displacement reaction is performed by reacting a compound 
of formula (I) wherein R represents -l/ and 1/ is a leaving group with an amine, alcohol 
or thiol derivative in an inert solvent. Suitable leaving groups include sulfonate, 
trifluorosulfonate, tosylate, and halides selected from the group chloride, bromide or 
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iodide. The reaction is generally carried out in the presence of a base. This base can be 
either an excess of an amine nucleophile or can be an additive to the reaction mixture. 
Potential basic additives are metal carbonate, especially alkali metal carbonates, metal 
oxides and hydroxides, and tertiary amine bases. Suitable organic solvents are those such 
as acetonitrile, dioxane, N,N-dimethylformamide, N-methyl-2-pyrrolidinone, 
tetrahydrofuran, dimethylsulf oxide, sulfolane and CI to 4 alcohols. In a preferred 
embodiment for amines, the leaving group is chloride, the amine is used in a 2-20 fold 
excess and the solvent is N-methyl-2-pyrolidinone. In a preferred embodiment for thiols 
and alcohols, the leaving group is chloride and the thiol or alcohol is used in slight excess 
together with hydroxide or hydride bases. 

In process (f) t the oxidation is performed by combining the reactants is an inert halogenated 
solvent such as chloroform or methylene chloride or in an inert solvent such as 
N,N-dimethylformamide or N-methyl-2-pyrrolidinone, either alone or admixed with water, 
at a temperature range from 20 to 100 °C. The reaction time will depend on the nature of 
the oxidant and the temperature of the reaction and may be up to a week; however it will be 
typically from 1 to 12 hours. Suitable oxidants include activated manganese dioxide, 
chromyl chloride, and various cerium (III) salts such as eerie ammonium nitrate and eerie 
trifluoroacetate. In a preferred embodiment, the oxidation is performed by refluxing a 
solution of a compound of formula (I) wherein X represents CH2 in chloroform using 
activated manganese dioxide as the oxidising reagent for 1 to 5 hours. 

In process (g), the reduction is generally performed by treating a compound of formula (I), 
wherein X represents C=0 under conditions which will be known to persons skilled in the 
art. For example, treatment of the ketone in an inert solvent in the presence of a reducing 
agent. Suitable reducing agents include aluminium hydrides and borohydrides including 
hydride salt forms of these, isopropyl alcohol in combination with aluminium 
isopropoxide, and alkali metal in alcoholic solvents such as sodium in ethanol. A partial 
list of suitable reducing agents can be found in "Advanced Organic Chemistry", J. March 
(1985) 3 rd Edition on pages 809-814. The preferred solvents for this process are acyclic 
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ethers, such as diethyl ether and dimethoxyethane, and cyclic ethers, such as 
tetrahydrofuran and dioxane when reactive hydride reagents such as lithium aluminium 
hydride or complex borohydrides, such as lithium or potassium tri-sec-butylborohydride, 
are used as the reducing agents. When less reactive reducing reagents such as sodium 
borohydride for example are used, CI to 4 alcohols at ambient temperatures are preferred 
as solvents. 

In process (h), a two step conversion is involved. Firstly, the alcohol is converted into the 
corresponding azide by treatment with an azide salt in the presence of a strong acid, and 
then the azide is reduced to the corresponding amine. The azide salt is preferably, but not 
limited to, an alkali metal azide such as sodium azide. This reaction may be performed 
using the acid as solvent or in the presence of an inert solvent such as halocarbons, ethers, 
or alkanes using either a mineral acid, such as sulfuric acid, hydrogen chloride or hydrogen 
bromide, or a strong organic acid such as benzenesulfonic,acid, trifluoroacetic acid or 
triflic acid, at low to ambient temperatures. The azide salt can be added directly or can be 
introduced on a support such as, for example, a zeolite. The azide product can be isolated 
or taken directly on to the reduction step. Suitable reducing agents can be selected from 
the group, hydrogen using a noble metal catalyst, Raney nickel and phosphorous 
compounds such as triphenylphosphine , tributylphosphine or triethylphosphite, in water or 
in CI to 4 alcohols either alone or diluted with water. In a preferred embodiment, the 
alcohol in trifluoroacetic acid is treated with sodium azide at ambient temperature. The 
reaction mixture is diluted with aqueous alcohol and treated with hydrogen in the presence 
of palladium on carbon. 

In process (i), the process is performed by reacting a compound of formula (I) wherein X is 
S with a suitable oxidising agent in an inert solvent. The reaction can be controlled so as to 
afford either the corresponding sulfoxide (X = SO) or sulfone (X = SO2) by correct choice 
of the oxidising reagent used, the quantity of reagent used and the reaction conditions 
employed. Suitable oxidising reagents and reaction conditions are given in "Advanced 
Organic Chemistry", J. March (1985) 3 rd Edition on page 1089-1090. 
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In process (j), the reaction is preferably performed by treating a compound of formula (I) 

2 

wherein the group -Q-R terminates in a group -CHO with either an amine or an alcohol 
in the presence of a metal cyanide salt and an oxidising agent at ambient temperature. In 
the case where an ester is to be formed, it is convenient but not necessary to use the alcohol 
as the solvent for this process. In the case where an amide is to be formed, it is necessary 
to use a less reactive secondary alcohol, such as sec-butanol or isopropanol, or a tertiary 
alcohol like tert-butanol as the solvent. The reaction may be diluted with other inert 
aprotic, polar solvents such as acetonitrile or N,N-dimethylformamide. The reaction is 
generally performed at ambient temperature for from 1 to 24 h depending on the nature of 
the alcohol and amine and the solubility of the metal cyanide. Manganese dioxide is the 
preferred oxidising reagent for this process. 

In process (k), the reaction may be performed by mixing the nitrile with an alcohol in the 
presence of an acid catalyst at a suitable temperature. Conversely, this process may also be 
accomplished by dissolving the nitrile in a neat strong organic or inorganic acid such as 
sulfuric, methanesulfonic, or triflic acids, and then pouring the mixture into an aqueous or 
alcoholic solution. In preferred embodiments, esters are formed by the former method, 
whereas the primary amides are prepared using the latter method with sulfuric acid as the 
acid catalyst and pouring over ice as a convenient source of cooling and water. 

In process (1), the nucleophilic displacement reaction is performed by stirring a solution of 
the compound wherein X represents CH-l/ and 1/ is a leaving group with the 
nucleophile, in an inert solvent at a suitable temperature. The reaction is generally carried 
out in the presence of an acid or base catalyst. The solvent can conveniently be a CI to 4 
carboxylic acid, acetonitrile, sulfolane, chloroform, N,N-dimethylformamide or 
tetrahydrofiiran. In preferred embodiments, the leaving group is chloro or hydroxy. 

In process (m), the alkylation reaction is performed by reacting a compound of formula (I) 
wherein R 2 represents -NHR with an electrophile, such as an alkyl halide or epoxide for 
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example, in the presence of an inert solvent. Suitable leaving groups include sulfonate, 
trifluorosulfonate, tosylate, and halides selected from the group chloride, bromide, or 
iodide. Suitable organic solvents are those such as acetonitrile, dioxane, 
N,N-dimethylformamide, N-methyl-2-pyrrolidinone, tetrahydrofuran, dimethylsulfoxide, 
sulfolane, and CI to C4 alcohols. In a particular embodiment, wfe prefer that the 
electrophile is an epoxide. 

Salts of compounds of formula (I) may be formed by reacting the free base or a salt, 
enantiomer, tautomer or protected derivative thereof, with one or more equivalents of the 
appropriate acid. The reaction may be carried out in a solvent or medium in which the salt 
is insoluble, or in a solvent in which the salt is soluble followed by subsequent removal of 
the solvent in vacuo or by freeze drying. Suitable solvents include, for example, water, 
dioxan, ethanol, 2-propanol, tetrahydrofuran or diethyl ether, or mixtures thereof. The 
reaction may be a metathetical process or it may be carried out on an ion exchange resin. 

Compounds of formula (II) may be prepared by methods which will be generally known, 
for example by reference to M. Lora-Tamayo et al. t Tetrahedron, 1966, Suppl. 8, 305-312; 
M. W. Gittos et aL, J. Chem. Soc. Perkin Trans. I, 1976, 33-38; and G. D. Diana et aL, J. 
Med. Chem., 1977, 20, 449-452. These methods include the formation of thioalkyl 
derivatives of formula (II) by cyclisation of an isothiocyanate, and the formation of an 
iminoester derivative of formula (II) by treatment of the corresponding cyclic amide with 
Meerwein's reagent (triethyloxonium tetrafluoroborate). The isothiocyanate and 
iminoester precursors may be readily prepared by methods that are also disclosed or cited 
in these papers, or by conventional methods known perse. 

Alternatively, compounds of formula (II) in which L represents thioalkyl may be readily 
prepared by treatment of a compound of formula (V) 
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wherein A, R 1 , R 2 , Q and X are as defined above, 

with an alkylating agent such as an alkyl tosylate, methosulfate, mesylate, fluorosulphonate 
or halide, especially an alkyl iodide. Suitable solvents for the alkylation reaction include 
ethers, preferably diethyl ether, tetrahydrofuran or dioxane, lower ketones such as acetone 
or 2-butanone, halohydrocarbons such as dichlorornethane and lower alcohols such as 
methanol. Use of methyl iodide as the alkylating agent and acetone as the solvent is a 
particularly suitable combination. Generally, equimolar or an excess of the alkylating 
agent will be used, the amount depending inter alia on the reactivity of the compound of 
formula (V) and the solubility of the reactants in the solvent employed. The alkylation 
reaction may be carried out at temperatures ranging from ambient to reflux, or in an 
appropriate sealed vessel at higher temperature. 

Compounds of formula (V) may be prepared by ring closure of a corresponding compound 
of formula (VI) 




wherein A, R 1 , R 2 , Q and X are as defined above. The reaction may be performed using 
conditions analogous to those described in the above paper by Gittos et al. 

Compounds of formula V may also be prepared from a compound of formula (VII) 
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wherein A, R 1 , R 2 , Q and X are as defined above, 

by treatment with P 2 S 5 or Lawesson's reagent. Conditions for this reaction and details of 
alternative sulfur containing reagents may be obtained by reference to the paper by D. C. 
Smith et aL 9 J. Org. Chem., 1994, 59, 348-354. 

Compounds of formula (HI) may be prepared by the reaction together of compounds of 
formulae (VHI) and (IX) 




(VIII) (IX) 



wherein A, R\ R 2 , Q and Y are as defined above, and Z represents a halogen, particularly 
fluoride or chloride. The reaction may be performed by adding a strong base to a mixture of 
the compounds of formulae (V]H) and (DC) in an appropriate solvent at a temperature 
generally between 0 °C and the reflux temperature of the solvent Examples of suitable 
bases include alkali metal and tetraalkylammonium hydroxides such as alkali metal 
alkoxides of Cj to C4 alcohols, guanidine and N-substituted guanidines, sodium hydride 
and dimsyl sodium, with sodium hydroxide and potassium t-butoxide being particularly 
useful. Suitable solvents include dimethylsulfoxide, N,N-dimethylformamide, 
tetrahydrofuran, C\ to C4 alcohols and acetonitrile, either alone or admixed with water. 
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We find that aqueous sodium hydroxide in dimethylsulfoxide is a particularly suitable 
reagent. 

Alternatively, compounds of formula (HI) may be prepared by the reaction together of 
compounds of formulae (X) and (XI) 





(X) (XI) 



wherein A, R , R , Q, Y and Z are as defined above, using reaction conditions similar to 
those described above. 

Compounds of formula (IV) may be prepared by the reduction of a compound of formula 
(HI). The reduction may be performed under various conditions such as those described 
"Advanced Organic Chemistry", J. March (1985) 3 rd Edition on page 1 103-1 104. These 
include catalytic hydrogenation, use of zinc, tin, or iron metals, A1H 3 -A1C1 3 , sulfides and 
others. We prefer to perform the reaction by reduction with zinc in the presence of either 
acetic acid or dilute hydrochloric acid. 



in 



Compounds of formula (IV) may also be prepared from compounds of formulae (X) and 
(XH) 
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Z 



HY 




R 1 



Q 



R 2 



CN 



H 2 N 



(X) 



(XII) 



wherein A, R 1 , R 2 , Q, Y and Z are as defined above. The reaction may be performed using 
conditions analogous to those described in the paper of Mettey et al. referenced above. 

Compounds of formulae (VI), (VH), (VIE), (DC), (X), (XI) and (XII) are either known or 
may be prepared by conventional methods known per se . 

Intermediate compounds may be prepared as such or in protected form. In particular 
amine, aldehyde and ketone groups may be protected. Suitable protecting groups are 
described in the standard text "Protective Groups in Organic Synthesis", 2nd Edition 
(1991) by Greene and Wuts. Amine protecting groups which may be mentioned include 
alkyloxycarbonyl such as t-butyloxycarbonyl, phenylalkyloxycarbonyl such as 
benzyloxycarbonyl, or trifluoroacetate. Deprotection will normally take place on treatment 
with aqueous base or aqueous acid. Aldehyde and ketone protecting groups which may be 
mentioned include acetals such as ethylene acetal or dimethyl acetal, or dithioacetals. 

The compounds of the invention and intermediates may be isolated from their reaction 
mixtures, and if necessary further purified, by using standard techniques. 

The compounds of formula (I) may exist in tautomeric, enantiomeric or diastereoisomeric 
forms, all of which are included within the scope of the invention. The various optical 
isomers may be isolated by separation of a racemic mixture of the compounds using 
conventional techniques, for example, fractional crystallisation or HPLC. Alternatively, the 
individual enantiomers may be made by reaction of the appropriate optically active starting 
materials under reaction conditions that will not cause racemisation. 
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Intermediate compounds may also exist in enantiomeric forms and may be used as purified 
enantiomers, diastereomers, racemates or mixtures. 

The compounds of formula (I), and their pharmaceutical^ acceptable salts, enantiomers, 
racemates and tautomers, are useful because they possess pharmacological activity in 
animals. In particular, the compounds are active as inhibitors of the enzyme nitric oxide 
synthase and as such are predicted to be useful in therapy. More particularly, they are 
inhibitors of the neuronal isoform of the enzyme nitric oxide synthase. They may also have 
utility as inhibitors of the inducible isoform of the enzyme nitric oxide synthase present in 
many cell types, particularly macrophages. 

The compounds and their pharmaceutically acceptable salts, enantiomers, racemates and 
tautomers are indicated for use in the treatment or prophylaxis of diseases or conditions in 
which synthesis or oversynthesis of nitric oxide synthase forms a contributory part 

Examples of such diseases or conditions include hypoxia, such as in cases of cardiac arrest, 
stroke and neonatal hypoxia, neurodegenerative conditions including nerve degeneration 
and/or nerve necrosis in disorders such as ischaemia, hypoxia, hypoglycemia, epilepsy, and 
in external wounds (such as spinal cord and head injury), hyperbaric oxygen convulsions 
and toxicity, dementia, for example, pre-senile dementia, Alzheimer's disease and 
AIDS-related dementia, Sydenham's chorea, Parkinson's disease. Huntington's disease, 
multiple sclerosis, Amyotrophic Lateral Sclerosis, Korsakoff's disease, imbecility relating 
to a cerebral vessel disorder, sleeping disorders, schizophrenia, anxiety, depression, 
seasonal affective disorder, jet-lag, depression or other symptoms associated with 
Premenstrual Syndrome (PMS), anxiety and septic shock. 

The compounds of formula (I) are also useful in the treatment and alleviation of acute or 
persistent inflammatory or neuropathic pain, or pain of central origin. 
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The compounds of formula (I) are also useful in the treatment or prophylaxis of 
inflammation. Conditions that may be specifically mentioned include osteoarthritis, 
rheumatoid arthritis, rheumatoid spondylitis, gouty arthritis and other arthritic conditions, 
inflamed joints; eczema, psoriasis, dermatitis or other inflammatory skin conditions such as 
sunburn; inflammatory eye conditions including uveitis, glaucoma and conjunctivitis; lung 
disorders in which inflammation is involved, for example, asthma, bronchitis, chronic 
obstructive pulmonary disease, pigeon fancier's disease, farmer's lung, acute respiratory 
distress syndrome; bacteraemia, endotoxaemia (septic shock), aphthous ulcers, gingivitis, 
pyresis, pain and pancreatitis; conditions of the gastrointestinal tract including inflammatory 
bowel disease, Crohn's disease, atrophic gastritis, gastritis varialoforme, ulcerative colitis, 
coeliac disease, regional ileitis, peptic ulceration, irritable bowel syndrome, reflux 
oesophagitis, damage to the gastrointestinal tract resulting from infections by, for example, 
Helicobacter pylori, or from treatments with non-steroidal anti-inflammatory drugs; and other 
conditions associated with inflammation. 

The compounds of formula (I) and their pharmaceutical^ acceptable salts, enantiomers, 
racemates and tautomers may also be useful in the treatment or prophylaxis of diseases or 
conditions in addition to those mentioned above. For example, the compounds may be useful 
in the treatment of atherosclerosis, cystic fibrosis, hypotension associated with septic and/or 
toxic shock, in the treatment of dysfunction of the immune system, as an adjuvant to short- 
term immunosuppression in organ transplant therapy, in the treatment of vascular 
complications associated with diabetes and in cotherapy with cytokines, for example TNF or 
interleukins. 

Compounds of formula (I) are also predicted to show activity in the prevention and reversal 
of tolerance to opiates and diazepines, treatment of drug addiction and the treatment of 
migraine, chronic tension type headaches, cluster headaches and other vascular headaches. 
The compounds of the present invention may also show useful immunosuppressive 
activity, and be useful in the treatment of gastrointestinal motility disorders, and in the 
induction of labour. The compounds may also be useful in the treatment of cancers that 
express nitric oxide synthase. 
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Compounds of formula (I) are predicted to be particularly useful in the treatment or 
prophylaxis of hypoxia or stroke or ischaemia or neurodegenerative conditions or 
schizophrenia or of migraine, chronic tension type headaches, cluster headaches and other 
vascular headaches or inflammation or for the treatment of pain. We are particularly 
interested in the conditions selected from the group consisting of hypoxia, ischaemia, 
stroke, pain, anxiety, schizophrenia, Parkinson's disease, Huntington's disease, migraine, 
chronic tension type headaches, cluster headaches and other vascular headaches, 
rheumatoid arthritis, osteoarthritis and inflammatory bowel disease. 

For the treatment of Parkinson's disease, the compounds of formula (I) are expected to be 
particularly useful either alone, or in combination with other agents such as L-Dopa. 

For the treatment of migraine, chronic tension type headaches, cluster headaches and other 
vascular headaches, the compounds of formula (I) are expected to be particularly useful 
either alone, or in combination with other agents, particularly in combination with a 
SHTib/id (serotonin-IB/ID) agonist. Thus, the compounds of formula (I), and 
pharmaceutical^ acceptable derivatives thereof, may also be advantageously used in 
combination with a 5HT 1B/1D (serotonin- IB/ID) agonist or a pharmaceutically acceptable 
derivative thereof. Particularly preferred 5HTi B /id (serotonin- IB/ID) agonists include 
sumatriptan, naratriptan, rizatriptan, zolmitriptan, almotriptan, eletriptan and frovatriptan. 
Zolmitriptan is especially preferred. The NOS inhibitor and the 5HTi B/1D (serotonin- IB/ ID) 
agonist may either be formulated together within the same pharmaceutical composition for 
administration in a single dosage unit, or each component may be individually formulated 
such that separate dosages may be administered either simultaneously or sequentially. 

Prophylaxis is expected to be particularly relevant to the treatment of persons who have 
suffered a previous episode of, or are otherwise considered to be at increased risk of, the 
disease or condition in question. Persons at risk of developing a particular disease or 
condition generally include those having a family history of the disease or condition, or 
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those who have been identified by genetic testing or screening to be particularly susceptible 
to developing the disease or condition. 

Thus according to a further aspect of the invention we provide a compound of formula (I), 
or an optical isomer or racemate thereof or a pharmaceutical^ acceptable salt thereof, for 
use as a medicament. 

According to another feature of the invention we provide the use of a compound of formula 
(I) or an optical isomer or racemate thereof or a pharmaceutically acceptable salt thereof, in 
the manufacture of a medicament for the treatment or prophylaxis of the aforementioned 
diseases or conditions; and a method of treatment or prophylaxis of one of the 
aforementioned diseases or conditions which comprises administering a therapeutically 
effective amount of a compound of formula (I), or an optical isomer or racemate thereof or 
a pharmaceutically acceptable salt thereof, to a person suffering from or susceptible to such 
a disease or condition. 

For the above mentioned therapeutic indications, the dosage administered will, of course, 
vary with the compound employed, the mode of administration and the treatment desired. 
However, in general, satisfactory results are obtained when the compounds are 
administered to a human at a daily dosage of between 0.5 mg and 2000 mg (measured as 
the active ingredient) per day, particularly at a daily dosage of between 2 mg and 500 mg. 

The compounds of formula (I), and optical isomers and racemates thereof and 
pharmaceutically acceptable salts thereof, may be used on their own, or in the form of 
appropriate medicinal formulations. Administration may be by, but is not limited to, enteral 
(including oral, sublingual or rectal), intranasal, or topical or other parenteral routes. 
Conventional procedures for the selection and preparation of suitable pharmaceutical 
formulations are described in, for example, "Pharmaceuticals - The Science of Dosage 
Form Designs", M. E. Aulton, Churchill Livingstone, 1988. 
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According to the invention, there is provided a pharmaceutical formulation comprising 
preferably less than 95% by weight and more preferably less than 50% by weight of a 
compound of formula (I), or an optical isomer or racemate thereof or a pharmaceutically 
acceptable salt thereof, in admixture with a pharmaceutically acceptable diluent or carrier. 
The formulation may optionally also contain a second pharmacologically active ingredient 
such as L-Dopa or a 5HTi b/i d agonist. 

The compounds of formula (D, and pharmaceutically acceptable derivatives thereof, may also 
be advantageously used in combination with a COX-2 inhibitor. Particularly preferred 
COX-2 inhibitors are Celecoxib and MK-966. The NOS inhibitor and the COX-2 inhibitor 
may either be formulated together within the same pharmaceutical composition for 
administration in a single dosage unit, or each component may be individually formulated 
such that separate dosages may be administered either simultaneously or sequentially. 

We also provide a method of preparation of such pharmaceutical formulations which 
comprises mixing the ingredients. 

Examples of such diluents and carriers are: for tablets and dragees: lactose, starch, talc, 
stearic acid; for capsules: tartaric acid or lactose; for injectable solutions: water, alcohols, 
glycerin, vegetable oils; for suppositories: natural or hardened oils or waxes. 

Compositions in a form suitable for oral, that is oesophageal, administration include: 
tablets, capsules and dragees; sustained release compositions include those in which the 
active ingredient is bound to an ion exchange resin which is optionally coated with a 
diffusion barrier to modify the release properties of the resin. 

The enzyme nitric oxide synthase has a number of isoforms and compounds of formula (I), 
and optical isomers and racemates thereof and pharmaceutically acceptable salts thereof, ' 
may be screened for nitric oxide synthase inhibiting activity by following procedures based 
on those of Bredt and Snyder in Proc. Natl. Acad. ScL, 1990, 87, 682-685. Nitric oxide 
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synthase converts 3 H-L-arginine into 3 H-L-citrulline which can be separated by cation 
exchange chromatography and quantified by scintillation counting. 

Screen for neuronal nitric oxide synthase inhibiting activity 
The enzyme is isolated from rat hippocampus or cerebellum. The cerebellum or 
hippocampus of a male Sprague-Dawley rat (250-275g) is removed following C0 2 
anaesthesia of the animal and decapitation. Cerebellar or hippocampal supernatant is 
prepared by homogenisation in 50 mM Tris-HCl with 1 mM EDTA buffer (pH 7.2 at 
25 °C) and centifugation for 15 minutes at 20,000 g. Residual L-arginine is removed from 
the supernatant by chromatography through Dowex AG-50W-X8 sodium form and 
hydrogen form columns successively, and further centrifugation at 1000 g for 30 seconds. 
For the assay, 25 ul of the final supernatant is added to each of 96 wells (of a 96 well filter 
plate) containing either 25 ul of an assay buffer (50 mM HEPES, 1 mM EDTA, 
1.5 mM CaCl 2t pH 7.4) or 25 ul of test compound in the buffer at 22 °C and 25 pi of 
complete assay buffer (50 mM HEPES, 1 mM EDTA, 1 .5 mM CaCl 2 , 1 mM DTT, 
100 uM NADPH, 10 ng/ml calmodulin, pH 7.4). Following a 10 minute equilibration 
period, 25 ul of an L-arginine solution (of concentration 18 uM ^-L-arginine, 96 nM 
3 H-L-arginine) is added to each well to initiate the reaction. The reaction is stopped after 10 
minutes by addition of 200 ul of a slurry of termination buffer (20 mM HEPES, 
2 mM EDTA, pH 5.5) and Dowex AG-50W-X8 200-400 mesh. 

Labelled L-citrulline is separated from labelled L-arginine by filtering each filter plate and 
75ul of each terminated reaction is added to 3 ml of scintillation cocktail. The 
L-citrulline is then quantified by scintillation counting. 

In a typical experiment using the cerebellar supernatant, basal activity is increased by 
20,000 dpm/ml of sample above a reagent blank that has an activity of 7,000 dpm/ml. A 
reference standard, N-nitro-L-arginine, which gives 80% inhibition of nitric oxide synthase 
at a concentration of 1 uM, is tested in the assay to verify the procedure. 

Screen for human neur onal nitric oxide synthase inhibiting activity 

Enzyme was isolated from human hippocampus, cortex or cerebellum. Cerebellar, cortical 

or hippocampal supernatant is prepared by homogenisation of frozen human tissue (1 to 5 
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g) in 50 mM Tris-HCl with 1 mM EDTA buffer (pH 7.2 at 25 °C) and centrifugation for 1 5 
minutes at 20,000 g. Residual L-arginine is removed from the supernatant by 
chromatography through Dowex AG-50W-X8 sodium form and hydrogen form columns 
successively and further centrifugation at 1000 g for 30 seconds. Subsequently, the 
supernatant is passed through 2'-5' ADP Sepharose and the human nNOS eluted with 
NADPH. 

For the assay, 25 ul of the final supernatant is added to each of 96 wells (of a 96 well filter 
plate) containing either 25 ul of an assay buffer (50 mM HEPES, 1 mM EDTA, 1.5 mM 
CaCI 2 , pH 7.4) or 25 jil of test compound in the buffer at 22 °C and 25 ul of complete 
assay buffer (50 mM HEPES, 1 mM EDTA, 1 .5 mM CaCl 2 . 1 mM DTT, 100 pM 
NADPH, 10 ug/ml calmodulin, pH 7.4). Following a 30 minute equilibration period, 25 ul 
of an L-arginine solution (of concentration 12 uM 'H-L-arginine, 96 nM ^-L-arginine) is 
added to each test tube to initiate the reaction. The reaction is stopped after 30 minutes by 
addition of 200 ul of a slurry of termination buffer (20 mM HEPES, 2 mM EDTA, pH 5.5) 
and Dowex AG-50W-X8 200-400 mesh. 

Labelled L-citrulline is separated from labelled L-arginine by filtering each filter plate and 
75ul of each terminated reaction is added to 3 ml of scintillation cocktail. The L-citrulline 
is then quantified by scintillation counting. 

In a typical experiment using the cerebellar supernatant, basal activity is increased by 
20,000 dpm/ml of sample above a reagent blank that has an activity of 7,000 dpm/ml. A 
reference standard, N-nitro-L-arginine, which gives 80% inhibition of nitric oxide synthase 
at a concentration of 1 pM. is tested in the assay to verify the procedure. 

Screen for human indnri hle nitric oxide synthase inhibiting activity 

Partially purified iNOS was prepared from cultured and lysed human DLD1 cells which 

had been activated with TNF-alpha, interferon gamma, and LPS. Centrifugation at lOOOg 

removed cellular debris and residual L-arginine was removed from the supernatant by 

chromatography through Dowex AG-50W-X8 sodium form and hydrogen form columns 

successively. 

For the assay, 25 ul of the final supernatant is added to each of 96 wells (of a 96 well filter 
plate) containing either 25 ul of an assay buffer (50 mM HEPES, 1 mM EDTA, 1 .5 mM 
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CaCl 2 , pH 7.4) or 25 ul of test compound in the buffer at 22 °C and 25 ul of complete 
assay buffer (50 mM HEPES, 1 mM EDTA, 1 .5 mM CaCl 2 , 1 mM DTT, 100 uM 
NADPH, 10 ug/ml calmodulin, pH 7.4). Following a 30 minute equilibration period, 25 ul 
of an L-arginine solution (of concentration 12 uM 'H-L-arginine, 96 nM 3 H-L-arginine) is 
added to each test tube to initiate the reaction. The reaction is stopped after 30 minutes by 
addition of 200 ul of a slurry of termination buffer (20 mM HEPES, 2 mM EDTA, pH 5.5) 
and Dowex AG-50W-X8 200-400 mesh. 

Labelled L-citrulline is separated from labelled L-arginine by filtering each filter plate and 
75 ul of each terminated reaction is added to 3 ml of scintillation cocktail. The L-citrulline 
is then quantified by scintillation counting. 

In a typical experiment using the DLD1 supernatant, basal activity is increased by 10,000 
dpm/ml of sample above a reagent blank that has an activity of 5,000 dpm/ml. A reference 
standard, N-methyl-L-arginine, which gives 80% inhibition of nitric oxide synthase at a 
concentration of 1 uM, is tested in the assay to verify the procedure. 

Screen for endothelial nitric oxide synthase inhibiting activity 
The enzyme is isolated from human umbilical vein endothelial cells (HUVECs) by a 
procedure based on that of Pollock etal in Proc. Natl. Acad. Sci.. 1991, 88, 10480-10484. 
HUVECs were purchased from Clonetics Corp (San Diego, CA, USA) and cultured to 
confluence Cells can be maintained to passage 35-40 without significant loss of yield of 
nitric oxide synthase. When cells reach confluency, they are resuspended in Dulbecco's 
phosphate buffered saline, centrifuged at 800 rpm for 10 minutes, and the cell pellet is then 
homogenised in ice-cold 50 mM Tris-HCl, 1 mM EDTA, 10% glycerol, 1 mM 
phenylmethylsulphonylfluoride, 2 \iM leupeptin at pH 4.2. Following centrifugation at 
34,000 rpm for 60 minutes, the pellet is solubilised in the homogenisation buffer which 
also contains 20 mM CHAPS. After a 30 minute incubation on ice, the suspension is 
centrifuged at 34,000 rpm for 30 minutes. The resulting supernatant is stored at -80 °C 
until use. 

For the assay, 25 i)i of the final supernatant is added to each of 12 test tubes containing 25 
ul L-arginine solution (of concentration 12 uM 'H-L-arginine, 64 nM 3 H-L-arginine) and 
either 25 ^ of an assay buffer (50 mM HEPES, 1 mM EDTA, 1 .5 mM CaCl 2 , pH 7.4) or 
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25 |JJ of test compound in the buffer at 22 °C To each test tube was added 25 |il of 
complete assay buffer (50 mM HEPES, 1 mM EDTA, 1.5 mM CaCl 2 , 1 mM DTT, 100 \xM 
NADPH, 10 ng/ml calmodulin, 12 [lM tetrahydrobiopterin, pH 7.4) to initiate the reaction 
and the reaction is stopped after 10 minutes by addition of 2 ml of a termination buffer 
(20 mM HEPES, 2 mM EDTA, pH 5.5). 

Labelled L-citnilline is separated from labelled L-arginine by chromatography over a 
Dowex AG-50W-X8 200-400 mesh column. A 1 ml portion of each terminated reaction 
mixture is added to an individual 1 ml column and the eluant combined with that from two 
1 ml distilled water washes and 16 ml of scintillation cocktail. The L-citnilline is then 
quantified by scintillation counting. 

In a typical experiment, basal activity is increased by 5,000 dpm/ml of sample above a 
reagent blank that has an activity of 1500 dpm/ml. A reference standard, N-nitro-L- 
arginine, which gives 70-90% inhibition of nitric oxide synthetase at a concentration of 
1 jiM, is tested in the assay to verify the procedure. 

In the screens for nitric oxide synthase inhibition activity, compound activity is expressed 
as IC50 (the concentration of drug substance which gives 50% enzyme inhibition in the 
assay). IC50 values for test compounds were initially estimated from the inhibiting activity 
of 1, 10 and 100 uM solutions of the compounds. Compounds that inhibited the enzyme by 
at least 50% at 10 uM were re-tested using more appropriate concentrations so that an IC50 
could be determined. 

When tested in the above screens, the compounds of Examples 1 to 29 below show IC50 

values for inhibition of neuronal or inducible nitric oxide synthase of less than 10 and 
good selectivity compared to inhibition of the endothelial isoform of the enzyme, 
indicating that they are predicted to show particularly useful therapeutic activity. 

The invention is illustrated but in no way limited by the following examples: 

Intermediate 1 
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4H-Thienor2.3-cir 1 Ibenzazepin- 1 0-amine maleate 

a) 10"Methvlthio-4H-thienor2.3-cirnbenzazepine hvdroiodide 

A suspension of thieno[2,3-c][l]benzazepin-10-one (4.08 g, 19.0 mmol) (F. Hunzikeret 
al., Eur. 7. Med Chem. Chim. Ther., 16, 391 (1981)) and Lawesson's reagent (3.37 g, 
12.7 mmol) in anhydrous tetrahydrofuran (40 ml) was heated at reflux for 4 h. The solvent 
was removed in vacuo and the residue was purified by chromatography on silica gel using 
chloroform as eluent to give the thioamide as a yellow solid. This material was 
immediately taken up in acetone (45 ml) and methyl iodide (4.0 ml) was added and the 
solution was stirred for 8 h. The resulting solid was collected to give the title compound 
(4.14 g, 59%). 

'H NMR (d6-DMSO) 10.8 (broad, 1H), 8.1 1 (d, 1H), 7.2-7.3 (m, 4H), 7.19 (d, 1H), 3.79 (s, 
2H), 2.66 (s, 3H); MS (ES) 246 (M+H, 100%), 198 (37%). 

b) 4H-Thienor2.3-c1f llbenzazepin-1 0-amine maleate 

To a pressure bottle was added 10-methylthio-4H-thieno[2,3-c]tl]benzazepine hydroiodide 
(1.22 g, 3.27 mmol) and ammonium acetate (4.50 g) in methanol (15 rnl) and the solution 
was heated at 80 °C for 80 h. The reaction mixture was concentrated, acidified with dilute 
hydrochloric acid and was washed with ethyl ether. The aqueous phase was basified with 
dilute sodium hydroxide and extracted twice with methylene chloride. The dried 
(magnesium sulfate) organic phases were concentrated to give the free base as a white 
solid. This material was dissolved in 2-propanol (15 ml) and maleic acid (0.44 g) was 
added. Upon cooling, the solid was collected to give the title compound (0.85 g, 79%) as 
an off-white solid, m.p. 199.5 - 200.5 °C (dec). 

Intermediate 2 

4-Hvdroxv-4H-thienof 2.3 -clf 1 Ibenzazepin- 1 0-amine malgate 



a) 4-Oxothi enor2.3-c1f nbenzazepin-10-amine maleate 
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To a solution of 4H-thieno[2,3-c][l]benzazepin-10-amine (6.88 g, 32. 1 mmol) in 
chloroform (300 ml) was added activated manganese dioxide (68.0 g) and the solution was 
heated at reflux for 2 h. Methanol (100 ml) was added and the solution was filtered. The 
filtrate was concentrated and the resulting solid was triturated with ether to give 7.00 g 
5 (95%) of the free base as a yellow solid. An analytical sample was prepared by dissolving 
this material in hot 2-propanol and adding maleic acid to give the title compound as a pale 
yellow solid, m.p. 202 - 203 °C (dec). 

V) 4-Hvdroxv-4H-thienor2.3-c1f Hbenzazepin-lO-amine maleate 

To a solution of 4-oxothieno[2,3-c][l]benzazepin-10-amine (0.50 g, 2.19 mmol) in 

10 anhydrous tetrahydrofuran (50 ml) at 0 °C was added dropwise 1 .0 M L-selectride in 

tetrahydrofuran (2.2 ml, 2.2 mmol). After addition was complete, the reaction mixture was 
stirred for lh. The reaction mixture was quenched with water and extracted with ethyl 
acetate. The dried (magnesium sulfate) organic layer was concentrated to give an oil. 
Column chromatography on silica gel, using 3% methanol in chloroform saturated with 

is ammonia as eluent, gave 0.44 g (88%) of a cream coloured solid. This material was taken 
up in hot 2-propanol (20 ml) and maleic acid (0.32 g) in 2-propanol (10 ml) was added. 
Upon cooling, the product was collected to give the title compound (0.48 g, 58%) as an off- 
white solid, m.p. > 250 °C. 

20 Intermediate 3 

7-Formvl-4H-thienor2.3-c1f llbenzazepin-l 0-amine hydrochloride 

a) 4-Dimethoxvmethvl-2-nitrofluorobenzene 

25 A solution of 3-nitro-4-fluorobenzaldehyde (8.45 g, 50 mmol) and trimethylorthoformate 
(7.59 g, 75 mmol) in methanol (20 ml) with p-toluenesulfonic acid (50 mg) was heated at 
reflux for 18 h. The reaction mixture was made basic with saturated aqueous sodium 
bicarbonate and the solvent was removed in vacuo. The residue was partitioned between 
ethyl acetate and water. The dried (magnesium sulfate) organic phase was concentrated to 

30 give the tide compound (9.1 1 g, 85%) as a light brown liquid. 

b) 3-((4-MethvlDhenvlsulfonvl)methvl)-2-thiophenecarbonitrile 



WO 00/73312 



33 



PCT/SE00/01033 



A solution of 3-methyl-2-thiophenecarbonitrile (20.0 g, 0.161 mol), N-bromosuccinimide 
(32.8 g, 0.185 mol) and benzoylperoxide (0.2 g) in carbon tetrachloride (325 ml) was 
heated at reflux for 4 h. The solution was cooled to 0 °C and the succinimide was removed 
by filtration. The organic phase was washed with dilute sodium hydroxide solution, dried 
over magnesium sulfate and concentrated in vacuo. Vacuum distillation, b|^ mm 126-8 °C 
afforded 3-bromomethyl-2-thiophenecarbonitrile (15.9 g, 49%) as a colourless oil. 
This bromomethyl compound (15.9 g, 80 mmol) was taken up in ethanol (200 ml) 
containing sodium p-toluene sulfmate dihydrate (21.4 g, 100 mmol) and the solution was 
heated at reflux for 16 h. While still hot, water (150 ml) was added and the reaction 
mixture was then cooled to 0 °C. The solid was collected, washed successively with 50% 
aqueous ethanol (100 ml), ether (100 ml) and hexane (100 ml). After air-drying the title 
compound (17.2 g, 75%) was obtained as a light tan solid. 

c) 3-(f4-Dimethoxvmethvl-2-nitrophenvl¥4-methvlphenvlsulfonvnmethvlV2- 
thiophenecarbonitrile 

To a stirred solution of 3-(4-methylphenylsulfonyl)methyl)-2-thiophenecarbonitrile (1 1.6 g, 
41.7 mmol) in dimethylsulphoxide (200 ml) was added 25% aqueous sodium hydroxide 
(2.88 g). To this was added 4-dimethoxymethyl-2-nitrofluorobenzene (8.98 g, 41.7 mmol), 
and the reaction mixture was stirred for 0.5 h. The reaction was poured into water (600 ml) 
whereupon the product crystallised and was collected to give the title compound (12.6 g, 
64%) as a beige solid, m.p. 132 - 134 °C. 

d) 7-Formvl-4H-thienor2.3-cirilbenzazepin-10-amine hydrochloride 

To a stirred suspension of zinc powder (2.72 g, 35 mmol) in methanol (50 ml) and acetic 
acid (7 ml), was added 3-((4-dimethoxymethyl-2-nitrophenyl)(4- 

methylphenylsulfonyl)methyl)-2-thiophenecarbonitrile (2.36 g, 5.0 mmol) and the reaction 
was heated to 80 °C for 6 h. The reaction mixture was then poured into water (125 ml) and 
ammonia (125 ml). The aqueous phase was then extracted twice with ethyl acetate and the 
extracts dried over magnesium sulfate. Evaporation of the solvent gave a crude product, 
which was purified by column chromatography, using 5% methanol in chloroform 
saturated with ammonia as eluent. Treatment of the purified product with HC1 in methanol 
afforded the tide compound (0.34 g, 28%), MS m /z 243 [M+H]* 
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Intermediate 4 

7-Chloromethvl-4H-thienof23-ciri1ben2a2epin-10-amine hydrochloride 

a) 7-Hvdroxvmethvl-4H-thienor2.3-c1fl1benzazepin--10-amine 

To a stirred solution of 7-formyl-4H-thieno[2,3-c][l]benza2epin-10-amine (8.6 g, 
31.0 mmol) in tetrahydrofuran (100 ml) under nitrogen was added 1.0M L-Selectride in 
tetrahydrofuran (284 ml, 248.0 mmol) and the reaction was refluxed for 3 hours. The 
reaction was cooled and 4N hydrochloric acid (200 ml) was added slowly. The reaction 
was then warmed to 50 °C for two hours. Water (1 L) was added to the reaction mixture 
and the aqueous phase was washed with ether. The aqueous phase was made basic with 
ammonium hydroxide and then extracted with chloroform. Evaporation of the dried 
extracts gave a solid (4.2g, 55%), m.p. 226 - 228 °C. 

b) 7-ChloromethvMH'thienor2.3-cirnbenzazepin"10-amine hydrochloride 

To a stirred suspension of 7-hydroxymethyl-4H-thieno[2,3-c][l]benzazepin-10-amine 
(4.20 g, 17.2 mmol) in methylene chloride (50 ml) was added thionyl chloride (5.36 g, 
45.4 mmol) dropwise. The reaction mixture was stirred for 1 hour, then ether (50 ml) was 
added, and the solid was collected by filtration to give the title compound (4.6 g, 90%) as a 
tan solid, m.p. 273 - 274 °C. 

Intermediate 5 

6-Formvl-4H-thienor2.3-cirnbenzazepin-10-amine hydrochloride 

a) 5-Dimethoxvmethvl-2-nitrofluorobenzene 

This compound was prepared similarly to Intermediate 3(a). 



b) 3-((5-Methvlphenvlsulfonvl)methvlV2-thiophenecarbonitrile 
This compound was prepared similarly to Intermediate 3(b). 
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c) 3-ff4-Dimethoxvniethvl-2-nitrophenvl¥4-methvlphenvlsulfonvnTnethvlV2- 
thiophenecarbonitrile. 

This compound was prepared similarly to Intermediate 3(c). 

d) 6-Formvl-4H-thienor23-cinibenzazepin-10-amine hydrochloride . 

This compound was prepared similarly to Intermediate 3(d). Yield 4%, m.p. > 230 °C. 

Intermediate 6 

6- Chloromethvl-4H-thienof 2 .3-cl r 1 Ibenzazepin- 1 0-amine hydrochloride 

a) 6-Hydroxvmethvl-4H-thienor23-c1 r 1 Ibenzazepin- 1 0-arnine . 

This compound was prepared similarly to Intermendiate 4(a); m.p. 182- 183 °C. 

b) 6-Chloromethvl-4H-thienof2.3-cirnbenzazepin-10-amine hydrochloride . 
This compound was prepared similarly to Intermediate 4(b); m.p. 223 - 224 °C 

Intermediate 7 

7- fChloromethvlV10H-thienor3.2-c1fnbenzazepin-4-amine hydrochloride 

a) Ethvl4-ff3-cvano- 2-thienvnf4-methvlphenvl)sulfonvnmethvlV3-nitrobenzoate . 
To a stirred solution of 2-(((4-methylphenyI)sulfonyl)methyl)-3-thiophene carbonitrile 
(15.3 g, 72.0 mmol) in dimethylsulphoxide (100 ml) was added 25% aqueous sodium 
hydroxide solution (24.0 g). To this mixture was added ethyl 4-fluoro-3-nitrobenzoate 
(15.3 g, 72.0 mmol) and the reaction mixture was stirred for 2.0 h. The reaction mixture 
was poured into water (800 ml) and neutralized with acetic acid. The product crystallized 
and was collected to give 18.2 g of the title compound which was used as is in the next 
step. 
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b) Ethvl 4-amino-10H-thienor3.2-c1fnbezazepine-7-carboxvlate maleate 
To a stirred solution of ethyl 4-((3-cyano-2-thienyl)(4-methylphenyl)sulfonyl)-methyl)-3- 
nitrobenzoate (7.5 g, 15.9 mmol) in acetic acid (120 ml) was added zinc (7.3 g, 1 12 mmol) 
portionwise. The solution was heated at reflux for 1 h. and then allowed to cool to ambient 

5 temperature. The zinc salts were removed by filtration and the filtrate was concentrated in 
vacuo. The residue was dissolved in 25% methanol in chloroform and this solution was 
washed twice with 6M aqueous ammonia. The dried organic phase (magnesium sulfate) 
was evaporated affording the crude product, which was immediately triturated with hot 
isopropanol (100 ml). Upon cooling, the title compound (4.41 g) was isolated as a white 

io solid, m.p. 222 - 223 °C. 



c) 7-Hvdroxvmethvl-4H-thienof3.2-cirnbenzazepin-4-amine maleate 

To a solution of ethyl 4-amino-10H-thieno[3,2-c][l]bezazepine-7-carboxylate maleate (4.2 

g, 14.7 mmol) in anhydrous tetrahydrofuran (150 ml) under nitrogen at 0 °C was added 

15 lithium aluminium hydride (2.23 g, 59 mmol) portionwise. The mixture was allowed to 
stir for 2 h. The reaction mixture was worked-up by the cautious addition of water (2.3 
ml), followed by 15% sodium hydroxide solution (2.3 ml), and then water (6.7 ml). The 
aluminium salts were removed by filtration and the filtrate was concentrated to give the 
crude title compound (3.4 g, 94%). An analytical sample was prepared by dissolving the 

20 crude product (200 mg, 0.82 mmol) in hot 2-propanol (5 ml) and maleic acid (95 mg, 0.82 
mmol) was added. The resulting solid was filtered off to give the title compound as a 
white solid, m.p. 213 - 214 °C. 



d) 7-(ChloromethvlV 1 0H-thienor3.2-cl [~ 11benzazepin-4- amine hydrochloride 
25 This compound was prepared similarly to Intermediate 4(b). Yield, 85%; 
m.p. 272 - 273 °C. 

Example 1 



30 2-frnO-Amino-4jy-thienof2.3-ciri1benzazepin-7-vnmethvl¥methvl)amino1ethanol 
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A solution of 7-formyl-4H-thieno[2,3-c][l]benzazepin-10-amine (485 mg, 2.00 mmol), 
2-(methylamino)ethanol (150 mg, 2.00 mmol) and borane-pyridine complex (0.20 ml, 
2.0 mmol) in ethanol (8 mi) was stirred for 16 h. The reaction was judged to be about 50% 
complete by tic, so additional borane-pyridine complex (0.4 ml, 4.0 mmol) was added and 
the solution was stirred for 24 h. The reaction mixture was concentrated, taken up in ethyl 
acetate and extracted twice with dilute hydrochloric acid. The aqueous phases were 
combined, basified with dilute sodium hydroxide and extracted thrice with 5% methanol in 
chloroform. The dried (magnesium sulfate) organic phase was concentrated to give a beige 
oil which crystallized on standing. The solid was collected to give the title compound 
(190 mg, 33%) as a beige solid, m.p. 151 - 153 °C 

Example 2 

2-f ( 1 0-Amino-4//-thienor2,3-c1 f 1 lbenzazepin-4-vHsulf anvllethvl acetate maleate 

To a solution of 4-hydroxy-4H-thieno[2,3-c][l]benzazepin-10-amine (311 mg, 1.35 mmol) 
and 2-mercaptoethanol (122 mg, 1.56 mmol) in acetic acid (2.5 ml) was added dropwise, 
with cooling, sulfuric acid (0.6 ml). The solution was stirred for 1 h before the reaction 
mixture was poured onto a mixture of ice and concentrated ammonia solution. The 
mixture was extracted twice with methylene chloride. The dried (magnesium sulfate) 
organic extracts were concentrated in vacuo. The resulting oil (0.27 g) was taken up in hot 
2-propanol (10 ml) and a solution of maleic acid (0.18 mg) in hot 2-propanol (2.0 ml) was 
added. Upon cooling, the salt was collected, washed with 2-propanol and ether to give, 
after drying the title compound (251 mg, 41%) as a white solid, m.p. 84 °C (sinters). 

Example 3 

4-f(2-Aminoethvnsulfanvl1-4i/-thienor2.3-cirnbenzazepin-10-vlamine bismaleate 



The title compound was prepared using the method of Example 2. Yield (61%); 
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m.p. 148 - 149 °C (dec). 

Example 4 

N~ f 2-ff 1 0- Amino-4ff-thienor2.3-cl \ 1 1benzazepin-4-vnsulf anvlleth vl ) acetamide 

The title compound was prepared using the method of Example 2. Yield (60%); 
m.p. 63 - 68 °C 

Example 5 

2'rfl0-Amino-4/f-thienor2.3-cirnben2azepin-4'vnsulfanvnethanol 

To a stirred solution of 4-hydroxy-4H-thieno[2 f 3-c][l]benzazepin-10-amine (300 mg, 
1 .30 mmol) in trifluoroacetic acid (5 ml) at room temperature was added 
2-mercaptoethanol (0.5 ml). After three hours the reaction mixture was poured into water 
(100 ml). The aqueous phase was made basic with ammonium hydroxide, and extracted 
with methylene chloride (3 x 100 ml) and the extracts were dried over magnesium sulfate. 
Evaporation of the solvent gave a crude residue, which was crystallized from ethyl 
acetate/hexane to give the title compound (220 mg, 58%), m.p. 168 - 169 °C. 

Example 6 

Ar'-rnO-A mino^tf-thienor2.3-ciri^ 
ethanediamine. 

To a solution of N,N,N J -trimethylethylenediamine (0.21 g, 2.04 mmol) and triethylamine 
(0.52 g, 5.1 mmol) in N-methylpyrrolidinone (7.0 ml) was added 7-chloromethyl-4H- 
thieno[2,3-c][l]benzazepin-10-amine hydrochloride (0.50 g, 1.7 mmol). The mixture was 
heated at 80 °C for 2 h. The mixture was poured into water (150 ml) and extracted with 
ethyl acetate. The organic phase was washed twice with water, then dried (magnesium 
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sulfate) and concentrated. The sample was purified using silica column chromatography 
(ammoniated 10% methanol/chloroform) to give the title compound (0.095 g, 17%), 
m.p. 126 °C. . 

Example 7 

( 1 -f ( 1 0- Amino-4ff-thienor2.3-cir 1 1benzazepin-7-vDmethvn-2-piperidinvI ) methanol 

A solution of 7-chloromethyl-4H-thieno[2,3-c][l]benzazepin-10-amine hydrochloride 
(2.88 g, 9.62 mmol) and 2-piperidinemethanol (3.25 g, 28.2 mmol) in dimethylformamide 
(45 ml) containing diisopropylethylamine (3.0 ml) was stirred for 16 h. The reaction 
mixture was diluted with water (150 ml) and the resulting solid was collected and air dried 
to give 2.83 g (86%) of crude product. This material was chromatographed on silica gel 
using 3% methanol in chloroform saturated with ammonia as eluent to give 2.75 g 
(84%) of the product as an off-white solid. An analytical sample was prepared by 
recrystallization from methanol/methylene chloride to give 2.29 g (70%) of the title 
compound as an off-white solid, m.p. 209 - 21 1 °C. 

Example 8 

2-( U 10-Amino-4ff-thienof2.3-cirnbenzazepin-7-vnmethvnsulfanvl lethanol maleate 

To a stirred suspension of 7-chloromethyl-4H-thieno[2,3-c]tl]benzazepin-10-amine 
hydrochloride (0.50 g, 1.67 mmol) in ethanol (10 ml) was added 2-mercaptoethanol 
(0.327 g, 2.5 mmol). To this was added 2.5M sodium hydroxide (1 ml) and the reaction 
mixture was stirred for 18 hours. The reaction mixture was then poured into water 
(200 ml), extracted with chloroform and the organic phase was dried over magnesium 
sulfate. Evaporation of the solvent gave a solid. The maleic acid salt was prepared from 
2-propanoI/ether, m.p. 166-167 °C. 



Example 9 
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1 -\( 1 0-Amino-4//-thienor2.3-cir 1 1benzazepin-7-vncarbonvl1-4-piperidinol 

To 4-hydroxypiperidine (835 mg, 8.3 mmol) in 2-propanol (10 ml) cooled in an ice-bath 
was added potassium cyanide (270 mg, 4.1 mmol). After 5 minutes, 7-formyI-4H- 
thieno[2,3-c][l]benzazepin-10-amine (200 mg, 0.83 mmol) was added followed by 
manganese dioxide (85%) (1 .7 g, 16.5 mmol) in two equal portions. The reaction was 
allowed to stir at room temperature for 3 days, the solid filtered off and the solution 
concentrated. The resulting oil was chromatographed on silica gel (eluting with 
ammoniated 10% methanol/chloroform) to afford the title compound (180 mg) as an oil 
which crystallized on trituration with ether; yield (80 mg, 28%), m.p. 222 - 224 °C. 

Example 10 

U *rf 1 0- Amino-4/f-thienof 2.3-cl r 1 lbenzazepin-7-vDcarbonvH-3-piperidinvl ) methanol 

The title compound was prepared using the method of Example 9. Yield 200 mg (27%); 
m.p. 235 - 237 °G (softened). 

Example 1 1 

7- ( \( 2- AminoethyHsulf anvllmethvl 1 -4ff-thieno \2 .3-d f 1 Ibenzazepin- 1 0-amine 

To a stirred suspension of 7-chloromethyl-4H-thieno[2,3-c][l]benzazepin-10-amine 
hydrochloride (502 mg, 1.68 mmol) in absolute ethanol (15 ml) was added 
2-mercaptoethylamine hydrochloride (285 mg, 2.52 mmol). To this was added 2.5M 
sodium hydroxide (3.0 ml) and the reaction mixture was stirred for 2 hours. The reaction 
was then poured into water (200 ml) and the compound extracted into 25% methanol in 
chloroform and the organic phase dried over magnesium sulfate. Evaporation of the solvent 
gave a solid. Purification by chromatography on silica gel using 10% methanol in 
chloroform saturated with ammonia as eluent, gave an oil (0.23 g). This oil was 
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crystallized from ethyl acetate and ether to give the title compound (172 mg, 34%) as a 
pale yellow solid, m.p. 145 - 147 °C. 

Example 12 

2-f f ( 1 0- Amino-4#-thienor2.3-cl f 1 1benzazepin-6-vl)methvll ( meth vDaminolethanol 

The title compound was prepared using the method of Example 6. Yield (15%); 
m.p. 143 - 145 °C 

Example 13 

( (2S)- 1 -f( 1 0-Amino-4ff-thienor2.3-cl \ 1 1benzazepin-7-vnmeth vllpvrrolidinvl ) -methanol 

This compound was prepared similarly to Example 7. Yield, 257 mg (59%), 
m.p. 175- 177.5 °C. 

Example 14 

((2#>l-rnO-Amino-4//-thien 

This compound was prepared similarly to Example 7. Yield, 150 mg (34%), 
m.p. 175 - 176 °C 

Example 15 

M f f 1 0-Amino-4//-thienor2.3-cir 1 1benzazepin-7-vttmethvnamino ) -2-propanol 

This compound was prepared similarly to Example 7. Yield, 184 mg (35%), 
m.p. 175.5- 177.5 °C. 
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Example 16 

2- f f ( 1 0- Amino-4f/-thienor2,3-c1 f 1 1benzazepin-7- vDmethvll amino 1-1.3 -propanediol 

This compound was prepared similarly to Example 7, Yield, 242 mg (54%), 
m.p. 192- 195 °C. 

Example 17 

3- { \( 1 0- Amino-4ff-thienor2.3-c1 T 1 lbenzazepin-6-vDmethvllamino 1 - 1 -propanol 

This compound was prepared similarly to Example 7 but using 6-chloromethyl-4H- 
thieno[2 t 3-c][l]benzazepin-10-amine hydrochloride. Yield, 183 mg (41%), 
m.p. 147- 150 °C. 

Example 18 

( 1 -f ( 1 0-Amino-4tf-thienor2.3-c1 f 1 1benzazepin-6-vDmethvl1-2-piperidinvl ) methanol 

This compound was prepared similarly to Example 7 but using 6-chloromethyl-4H- 
thieno[2,3-c][l]benzazepin-10-amine hydrochloride. Yield, 220 mg (43%); 
MS (CI) m /z 342 (M+H, 80%), 227 (70%), 172 (2M+H, 100%). 

Example 19 

2-f l-rnQ-Aminch4#-thienof23-d^ 

This compound was prepared similarly to Example 7 but using 6-chloromethyl-4H- 
thieno[2,3-c][l]benzazepin-10-amine hydrochloride. Yield, 274 mg (43%); 
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MS (CI) m /z 356 (M+H, 10%), 214 (40%), 179 (2M+H, 100%). 

Example 20 

( 1 -K 1 0- Amino-4J?-thienor 2.3-cl f 1 1benzazepin-6-vnmethvl1-3 -DiDeridinvl 1 methanol 

This compound was prepared similarly to Example 7 but using 6-chloromethyl-4H- 
thieno[2,3-c][l]benzazepin-10-amine hydrochloride. Yield, 400 mg (77%); 
MS (CI) m /z 342 (M+H, 100%), 172 (2M+H, 35%). 

Example 21 

l-rra0-Amino-4H-thienof2.3-cimbero 
propanol 

To a stirred solution of 7-[(methylamino)methyl]-4H-thieno[2,3-c][l]benzazepin-l 0-amine 
(500 mg, 1.94 mmol) in methanol (20 ml) was added isobutylene oxide (1 ml). After three 
hours the solvent was evaporated off and the residue was dissolved in hot ethyl acetate 
(10 ml). Upon cooling, the title compound crystallized out as a white solid (450 mg, 
70%), m.p. 174 - 175 °C. 

Example 22 

( 1 R2S)-2-\ \( 1 0- Amino-4//-thienor2 .3-clf 1 1benzazepin-7-vnmethvn(methvnamino- 
cvclohexanol 

This compound was prepared similarly to Example 21. Yield, 160 mg (23%), 
m.p. 185- 186 °C. 



Example 23 
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HrnO-Amino^/^thie ^ 
propanol 

This compound was prepared similarly to Example 21. Yield, 246 mg (36%), 
m.p.209 - 213°C 

Example 24 

( (25)- 1 -K 1 0-Amino-4ff -thienor2.3-cir 1 lbenzazepin-6-vnmethvllpvrrolidinvl ) -methanol 

This compound was prepared similarly to Example 7 but using 6-chloromethyl-4H- 
thieno[2,3-c][l]benzazepin-10-amine hydrochloride. Yield, 113 mg (23%); 
MS (CI) m /z 328 (M+H, 42%), 271 (97%), 164 (2M+H, 100%). 

Example 25 

( (2RM -\( 1 0-Amino-4f f-thienor2.3-cin lbenzazepin-6-vnmethvnpvrTolidinvl 1 -methanol 

This compound was prepared similarly to Example 7 but using 6-chloromethyl-4H- 
thieno[2,3-c][l]benzazepin-10-amine hydrochloride. Yield, 330 mg (69%); 
MS (CI) m /z 328 (M+H, 72%), 271 (72%), 164 (2M+H, 100%). 

Example 26 

3- ( \( 1 0- Amino-4/f-thi enor2.3-cir 1 lbenzazepi n-7-vnmethvnamino 1 - 1 -propanol 
This compound was prepared similarly to Example 7, m.p. 181 - 183 °C. 

Example 27 
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2-rf(4-Amino-10//-thienor3.2-cirn 

This compound was prepared similarly to Example 7 but using 7-chloromethyl-4H- 
thieno[3,2-c][l]benzazepin-4-amine hydrochloride, m.p. 175- 177 °C. 

Example 28 

((25^-l-r(4-Amino-10ff-thienof3.2-cinibenzazepin^ 

This compound was prepared similarly to Example 7 but using 7-chloromethyl-4H- 

thieno[3, 2-c] [ 1 ]benzazepin-4-amine hydrochloride. 

MS (CI) m /z 328 (M+H, 50%), 271 (60%), 164 (2M+H, 100%). 

Example 29 

K2R>l-r(4-Amino-10ff-thienon^^ 

This compound was prepared similarly to Example 7 but using 7-chloromethyl-4H- 
thieno[3,2-c) [ 1 ]benzazepin-4-amine hydrochloride. 
MS (CI) m /z 328 (M+H, 100%). 
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Claims 



1 . A compound of formula (I) 




X 



Q 



R 2 



(I) 



NH 2 



wherein: 

R 1 represents hydrogen, CI to 6 alkyl, CI to 6 alkoxy or halogen; 

X represents CH 2 , O, S(0) m , CO, CHOH, CH-halogen, CH-Q^R 7 , CHNH 2 , (CH^, 

CH 2 0, OCH 2 , CH 2 S or SCH 2 ; 

m represents an integer 0, 1 or 2; 

A represents a heterocyclic ring containing one heteroatom selected from O, S and N; 
Q and Q 1 independently represent CI to 8 alkyl, -CO-, CI to 8 alkyl-CO- or a bond; 
2 7 

R andR independently represent a group U-V-W 



or a group 




N 



«? H 2)n 




and when X represents CH-Q -R , then R may also represent hydrogen; 



U represents O, S or NR ; 
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n represents an integer 3 to 6; 

V represents CI to 8 alkyl, -CO-, CI to 8 alkyl-CO- or a bond; said CI to 8 alkyl or 
CI to 8 alkyl-CO- group being optionally further substituted by halogen or hydroxy; 

W represents OR 4 , SR 4 or NR 5 R 6 ; 
3 

R represents hydrogen, CI to 6 alkyl or C2 to 8 alkanoyl; 

4 

R represents hydrogen, CI to 6 alkyl or C2 to 8 alkanoyl; 

R 5 and R 6 independently represent hydrogen, CI to 6 alkyl or C2 to 8 alkanoyl; 

and optical isomers, racemates and tautomers thereof and pharmaceutically acceptable salts 
thereof. 

2. A compound of formula (I), according to Claim 1, wherein X represents CH2. 

3. A compound of formula (I), according to Claim 1, wherein X represents S. 

2 2 

4. A compound of formula (I), according to Claim 1, wherein -Q-R represents -CH2-R . 

5. A compound of formula (I), according to Claim 1, wherein A represents a thienyl ring. 

6. A compound of formula (I), according to Claim 1, which is: 

2-[[( 1 0-amino-4/f-thieno[2,3-c] [ 1 ]benzazepin-7-yl)methyl](methyl)amino]ethanol ; 

2-[(10-amino-4/f-thieno[2,3-c][l]benza2epin-4-yl)sulfanyl]ethyl acetate; 

4-[(2-aminoethyl)sulfanyl]-4/l r -thieno[2,3-c][l]benzazepin-10-ylamine; 

//-{ 2-[(10-amino-4//-thieno[2,3-c][ 1 ]benzazepin-4-yl)sulfanyl]ethyl } acetamide; 

2-[( 1 0-amino-4//-thieno[2,3-c][ 1 ]benzazepin-4-yl)sulfanyl]ethanol; 

N x -[( 1 0-amino-4#-thieno[2,3-c] [ 1 ]benzazepin-7-yl)methyl]-iV , ,Af 2 ,tf 2 -trimethyl- 1 ,2- 

ethanediamine; 
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{ l-[( 10-amino^//-thieno[23-c][l]benzazepin-7-yl)methyl]-2-piperidinyl } methanol; 
2-{ [( 10-amino-4H-thieno[2 t 3-c][ I]benzazepin-7-yl)methyl]sulfanyl}ethanoI; 

1- [(10-amino^H-thieno[23-c][l]benzazepin-7-yl)carbonyl]^-piperidinol; 

{ 1 -[( 1 0-amino-4tf-thieno[2,3-c] [ 1 ]benzazepin-7-yl)carbonyl]-3-piperidinyl } methanol ; 
7-{[(2-aminoethyl)sulfanyl]methyl}-4^^ 

2- [[(10-amino-4//-thieno[23^ 

{ (2S)- 1 -[( 1 0-amino-4tf-thieno[2,3-c] [ 1 ]benzazepin-7-y])methyl]pyrrolidinyl } -methanol ; 
{ (2Ry 1 -[( 1 0-amino-4#-thieno[2,3-c] [ 1 ]benzazepin-7-yl)methyl]pyrrolidinyl } -methanol ; 

1- {[(1 0-amino-4/f-thieno[2,3-c] [ 1 ]benzazepin-7-yl)methyl]amino } -2-propanol ; 

2- { [( 1 0-amino-4#-thieno[2,3-c] [ 1 ]benzazepin-7-yI)methyl]amino } - 1 ,3-propanediol ; 

3- { [( 1 0-amino-4H-thieno[2, 3-c] [ 1 ]benzazepin-6-yl)methyl]amino } - 1 -propanol ; 
{l-[(10-anuno-4/7-thieno[2>c][n^ 

2- {l-[(10-amino-4H-thieno[2 t 3-c][l]benzazepin-6-yl)methyl]-2-piperidinyl}ethanol; 
{l-[(10-amino-4if-thieno[2>c][l^ 

1 -[[( 1 0-amino-4if-thieno[2,3-c] [ 1 ]benzazepin-7-yl)methyl](methyl)amino]-2-methyl-2- 
propanol; 

( 1 K,2S)-2-[[( 1 0-amino-4if-thieno[2,3-c] [ 1 ]benzazepin-7-yl)methyl](methyl)amino- 
cyclohexanol; 

1- [[( 10-amino-4/f-thieno[2,3-c][l ]benzazepin-7-yl)methyl](methyl)amino]-3-fluoro-2- 
propanol; | 

{ (25)- 1 -[( 1 0-amino-4#-thieno [2,3-c] [ 1 ]benzazepin-6-yl)methyI]pyrrolidinyl } -methanol ; 
{ (2R)- 1 - [( 1 0-amino-4#-thieno[2,3-c] [ 1 ]benzazepin-6-yl)methyl]pyrrolidinyl } -methanol ; 

3- { [( 1 0-amino-4tf-thieno[2, 3-c] [ 1 ]benzazepin-7-yl)methyl] amino } - 1 -propanol ; 

2- [[(4-amino- 1 0#-thieno[3,2-c] [ 1 ]benzazepin-7-yl)methyl](methyl)amino]ethanol; 
{(25)-l-[(4-amino-10J/-thieno[3,2-c][l^^ 

{ (2R)- 1 -[(4-amino- 1 0/f- thieno[3 t 2-c] [ 1 ]benzazepin-7-yl)methyl]pyrrolidinyl } -methanol ; 
or an optical isomer, racemate or tautomer of any one thereof or a pharmaceutical^ 
acceptable salt of any one thereof. 

7. A compound of formula (I), as defined in any one of Claims 1 to 6, for use as a 
medicament 
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8. A pharmaceutical formulation comprising a compound of formula (I), as defined in 
any one of Claims 1 to 6, or an optical isomer, racemate or tautomer thereof or a 
pharmaceutical^ acceptable salt thereof, optionally in admixture with a pharmaceutically 
acceptable diluent or carrier. 

9. A method of treating, or reducing the risk of, a human disease or condition in which 
inhibition of nitric oxide synthase activity is beneficial which comprises administering to a 
person suffering from or susceptible to such a disease or condition, a therapeutically 
effective amount of a compound of formula (I), as defined in any one of Claims 1 to 6, or 
an optical isomer, racemate or tautomer thereof or a pharmaceutically acceptable salt 
thereof. 

10. A method of treatment according to Claim 9 in which it is predominantly the neuronal 
isoform of nitric oxide synthase that is inhibited. 

1 1. A method of treatment according to Claim 9 in which it is predominantly the inducible 
isoform of nitric oxide synthase that is inhibited. 

12. A method of treating, or reducing the risk of, hypoxia or stroke or ischaemia or 
neurodegenerative conditions or schizophrenia or anxiety or pain or migraine or 
inflammation, which comprises administering to a person suffering from or susceptible to 
such a disease or condition a therapeutically effective amount of a compound of formula 
(I), as defined in any one of Claims 1 to 6, or an optical isomer, racemate or tautomer 
thereof or a pharmaceutically acceptable salt thereof. 

13. A method of treatment according to Claim 12, wherein the condition to be treated is 
selected from the group consisting of hypoxia, ischaemia, stroke, Parkinson's disease, 
anxiety, schizophrenia, osteoarthritis, rheumatoid arthritis, inflammatory bowel disease, 
migraine and pain. 
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14. A method of treatment according to Claim 13, wherein the condition to be treated is 
stroke. 

15. A method of treatment according to Claim 13, wherein the condition to be treated is 
pain. 

16. A method of treatment according to Claim 13, wherein the condition to be treated is 
rheumatoid arthritis. 

17. A method of treatment according to Claim 13, wherein the condition to be treated is 
osteoarthritis. 

18. A method of treatment according to Claim 1 3, wherein the condition to be treated is 
schizophrenia. 

19. A method of treatment according to Claim 13, wherein the condition to be treated is 
Parkinson's disease. 

20. A method of treatment according to Claim 13, wherein the condition to be treated is 
migraine. 

21. A method of treating, or reducing the risk of, migraine or other vascular headache 
which comprises administering to a person suffering from or susceptible to such a disease 
or condition a therapeutically effective amount of a combination of a compound of formula 
(I), as defined in any one of Claims 1 to 6, or an optical isomer, racemate or tautomer 
thereof or a pharmaceutical^ acceptable salt thereof with a 5HTib/id agonist or a 
pharmaceutical^ acceptable salt thereof. 

22. The use of a compound of formula (I) as defined in any one of Claims 1 to 6, or an 
optical isomer, racemate or tautomer thereof or a pharmaceutical^ acceptable salt thereof, 
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in the manufacture of a medicament for the treatment or prophylaxis of human diseases or 
conditions in which inhibition of nitric oxide synthase activity is beneficial. 

23. The use as claimed in Claim 22 wherein it is predominantly the neuronal isoform of 
nitric oxide synthase that is inhibited. 

24. The use as claimed in Claim 22 wherein it is predominantly the inducible isoform of 
nitric oxide synthase that is inhibited. 

25. The use of a compound of formula (I) as defined in any one of Claims 1 to 6, or an 
optical isomer, racemate or tautomer thereof or a pharmaceutically acceptable salt thereof, 
in the manufacture of a medicament for the treatment or prophylaxis of hypoxia or stroke 
or ischaemia or neurodegenerative conditions or schizophrenia or anxiety or pain or 
migraine or inflammation. 

26. The use as claimed in Claim 25, wherein the condition is selected from the group 
consisting of hypoxia, ischaemia, stroke, Parkinson's disease, anxiety, schizophrenia, 
osteoarthritis, rheumatoid arthritis, inflammatory bowel disease, migraine and pain. 

27. The use as claimed in Claim 26, wherein the condition is stroke. 

28. The use as claimed in Claim 26, wherein the condition is pain. 

29. The use as claimed in Claim 26, wherein the condition is rheumatoid arthritis. 

30. The use as claimed in Claim 26, wherein the condition is osteoarthritis. 

3 1 . The use as claimed in Claim 26, wherein the condition is schizophrenia. 

32. The use as claimed in Claim 26, wherein the condition is Parkinson's disease. 
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33. The use as claimed in Claim 26, wherein the condition is migraine. 



34. The use of a compound of formula (I) as defined in any one of Claims 1 to 6, or an 
optical isomer, racemate or tautomer thereof or a pharmaceutical^ acceptable salt thereof 
5 in combination with a 5HTib/id agonist or a pharmaceutical^ acceptable salt thereof, in 
the manufacture of a medicament for the treatment or prophylaxis of migraine or other 
vascular headache. 



35. A process for the preparation of a compound of formula (I), as defined in any one of 
10 Claims 1 to 6, and optical isomers, racemates and tautomers thereof and pharmaceutically 
acceptable salts thereof, which comprises: 



is 



(a) preparing a compound of formula (I) by reacting a corresponding compound of 
formula (II) 




Co 



1 2 

wherein R , R , A, Q and X are as defined in Claim 1 and L is a leaving group, 
with a source of -NH2 such as ammonia or ammonium acetate; 



20 



(b) preparing a compound of formula (I) by reduction and cyclisation of a corresponding 
compound of formula (HI) 
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wherein R , R , A and Q are as defined in Claim 1 , and Y represents X (which is as 
defined above) or CHSO2C6H4CH3; 

(c) preparing a compound of formula (I) by cyclisation of a corresponding compound of 
formula (IV) 




wherein R , R , A, Q and X are as defined in Claim 1; 



(d) preparing a compound of formula (I) wherein R represents -CH2-NR -V-W or R" 
represents the group 




by reductive amination of a corresponding compound of formula (I) wherein R represents 
-CHO; 



(e) preparing a compound of formula (I) wherein R represents -U-V-W or R' 
represents the group 
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by nucleophilic displacement of a corresponding compound of formula (I) wherein R 
represents — L' and i/ is a leaving group; 

(f) preparing a compound of formula (I) wherein X represents C=0 by oxidation of a 
corresponding compound of formula (I) wherein X represents CH2; 

(g) preparing a compound of formula (I) wherein X represents CHOH by reduction of a 
corresponding compound of formula (I) wherein X represents C=0; 

(h) preparing a compound of formula (I) wherein X represents CHNH2 by converting a 
compound of formula (I) wherein X represents CHOH into the corresponding azide 
wherein X represents CHN3, followed by reduction; 

(i) preparing a compound of formula (I) wherein X represents S(0) m and m represents 1 

or 2, by oxidation of a corresponding compound wherein X represents S(0) m and m 
represents 0; 

2 

(j) preparing a compound of formula (I) wherein the group -Q-R terminates in a group 
5 6 4 

-CONR R or -CO2R by oxidation of the corresponding compound wherein the group 
2 

-Q-R terminates in a group -CHO; 

2 

(k) preparing a compound of formula (I) wherein the group -Q-R terminates in a group 
4 

-CONH2 or -CO2R by solvolysis of the corresponding compound wherein the group 
2 

-Q-R terminates in a group -CN; 
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(1) preparing a compound of formula (I) wherein X represents CH-Q-R , Q represents a 

2 2 
bond, and R represents -U-V-W or R represents the group 




5 by nucleophilic displacement of a corresponding compound of formula (I) wherein X 
represents CH-l/ and if is a leaving group; 

or 

2 3 
(m) preparing a compound of formula (I) wherein R represents a group -NR -V-W by 

2 3 

10 alkylation of a corresponding compound in which R represents a group -NHR ; 



and where necessary converting the resultant compound of formula (I), or another salt 
thereof, into a pharmaceutically acceptable salt thereof, or vice versa , and where desired 
converting the resultant compound of formula (I) into an optical isomer thereof. 
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